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(54) A surgically implantable knee prosthesis having keels 



(57) An implantable knee prosthesis for unicompart- 
mental implantation into a knee joint includes a body 
having a substantially elliptical shape in plan and a pair 



of opposed faces. A peripheral edge extends between 
the faces and has first and second opposed sides and 
first and second opposed ends. At least one keel mem- 
ber extends from one of the faces. 
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Description 

[0001] The present invention pertains to prosthetic 
devices. More particularly, the invention pertains to knee 
joint prostheses, which may be surgically implanted be- 
tween the femoral condyle and tibial plateau of the knee 
joint. 

[0002] Articular cartilage and meniscal cartilage pro- 
vides the mobile weight bearing surfaces of the knee 
joint. Damage to these surfaces is generally due to ge- 
netic predisposition, trauma, and/or aging. The result is 
usually the development of chondromalacia, thinning 
and softening of the articular cartilage, and degenera- 
tive tearing of the meniscal cartilage. Various methods 
of treatment are available to treat these disease proc- 
esses. Each option usually has specific indications and 
is accompanied by a list of benefits and deficiencies that 
may be compared to other options. 
[0003] The healthy knee joint has a balanced amount 
of joint cartilage across the four surfaces of this bi-com- 
partmental joint (medial femoral condyle, medial tibial 
plateau, lateral femoral condyle and lateral tibial pla- 
teau). In patients with osteoarthritis, degenerative proc- 
ess typically leads to an asymmetric wear pattern that 
leaves one compartment with significantly less articular 
cartilage covering the distal portions (or weight bearing 
area) of the tibia and femurthan the othercompartment. 
Most commonly, the medial compartment of the knee 
joint is affected more often than the lateral compartment. 
[0004] As the disease progresses, large amounts of 
articular cartilage are worn away. Due to the asymmetric 
nature of the erosion, the alignment of the mechanical 
axis of rotation of the femur relative to the tibia becomes 
tilted down towards the compartment which is suffering 
the majority of the erosion. The result is a Varus (bow- 
legged) deformity in the case of a medial compartment 
disease predominance, or a Valgus (knock-kneed) de- 
formity in the case of lateral compartment disease pre- 
dominance. Factors such as excessive body weight, 
previous traumatic injury, knee instability, the absence 
of the meniscus and genetic predisposition , all affect the 
rate of the disease. 

[0005] The disease is usually defined in stages of 
Grade I through V, with Grade III revealing significant 
articular cartilage loss, Grade IV revealing some ebur- 
nation of the subchondral bone, and Grade V detailing 
both significant articular loss and bone loss. 
[0006] It is important to understand that the disease 
manifests itself as periodic to continuous pain that can 
be quite uncomfortable forthe patient. The cause of this 
pain is subject to many opinions but it is apparent that, 
as the joint compartment collapses, the collateral liga- 
ment on the side of the predominant disease becomes 
increasingly slack (like.one side of.a pair of loose sus- 
penders), and the tibial and femoral axes move, for ex- 
ample, from a Varus to a Valgus condition. This increas- 
es the stress on the opposing collateral ligament (and 
cruciate ligaments as well) and shifts the load bearing 



function of this bi-compartmental joint increasingly to- 
wards the diseased side. This increasing joint laxity is 
suspected of causing some of the pain one feels. In ad- 
dition, as the bearing loads are shifted, the body re- 
s sponds to the increased loading on the diseased com- 
partment with an increased production of bony surface 
area (osteophytes) in an attempt to reduce the ever-in- 
creasing areal unit loading. All of this shifting of the knee 
component geometry causes a misalignment of the me- 

io chanical axis of the joint. The misalignment causes an 
increase in the rate of degenerative change to the dis- 
eased joint surfaces causing an ever-increasing amount 
of cartilage debris to build up in the joint, further causing 
joint inflammation and subsequent pain. 

15 [0007] Currently, there is a void in options used to 
treat the relatively young patient with moderate to se- 
vere chondromalacia involving mainly one compartment 
of the knee. Current treatments include NSAIDs, corti- 
sone injections, hyaluronic acid (HA) injections and ar- 

20 throscopic debridement. Some patients cannot tolerate 
or do not want the risk of potential side effects of 
NSAIDs. Repeated cortisone injections actually weaken 
articular cartilage after a long period of time. HA has 
shown promising results but is only a short-term solution 

25 for pain. Arthroscopic debridement alone frequently 
does not provide long lasting relief of symptoms. Unfor- 
tunately, the lack of long term success of these treat- 
ments leads to more invasive treatment methods. Oste- 
ochondral allografts and microfracture techniques are 

30 indicatedforsmall cartilage defects that are typically the 
result of trauma. These procedures are not suitable for 
addressing large areas of degeneration. In addition, os- 
teochondral allografts can only be used to address de- 
fects on the femoral condyle. Tibial degeneration can 

35 not be addressed with this technique. High tibial osteot- 
omy (HTO) corrects the varus malalignment between 
the tibia and femur but, because it is performed below 
the joint line, it does not fill the cartilage void or re-ten- 
sion the medial collateral ligament (MCL). Removing 

40 bone and changing the joint line does not complicate the 
conversion to total knee arthroscopy (TKA). However, 
an HTO does leave a hard sclerotic region of bone, 
which is difficult to penetrate making conversion to a to- 
tal knee replacement (TKR) technically challenging. 

45 Unicompartmental and bicompartmental total knee re- 
placements resect significant amounts of bone and, if 
performed on younger patients, will likely require revi- 
sion surgery as they age. Revision total knee replace- 
ment surgery is usually extensive and results in predict- 
so ably diminished mechanical life expectancy. Therefore, 
it is best to delay this type of bone resecting surgery as 
long as possible. 

[0008] The only true solution is to rebuild the defective 

joint.by "filling" the joint space with more articular bear-. ... 

55 ing material through a complete resurfacing of the ex- 
isting femoral condyle and tibial plateau. By replacing 
the original cartilage to its pre-diseased depth, the joint 
mechanical axis alignment is restored to its original con- 
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dition. Unfortunately, these natural articular materials 
and surgical technology required to accomplish this re- 
placement task do not yet exist. 
[0009] Currently, replacement of the existing surfac- 
es, with materials other than articular cartilage, is only s 
possible with a total or uni-condylar knee replacement, 
and these procedures require removal of significant 
amounts of the underlying bone structure. 
[001 0] The alternative method is to fill the joint space 
with a spacer that replaces the missing articular mate- 10 
rials. This spacer should also provide an anatomically 
correct bearing surface for both the tibial and femoral 
surface (U.S. Patent 6,206,927). 
[001 1 ] Attaching a new bearing surface to the femoral 
condyle is technically challenging and was first attempt- 15 
ed, with limited success, over 40 years ago with the 
MGH (Massachusetts General Hospital) knee. Like a 
dental crown, it covered both femoral condyles with Vi- 
tallium (CoCr) and would bear against the existing tibial 
plateau. 20 
[0012] Tibial covering devices such as the McKeever, 
Macintosh and Townley tibial tray, maintained the exist- 
ing femoral surface as the bearing surface, but like the 
MGH knee, all required significant bone resection, thus 
making them less than ideal solutions as well. 2s 
[0013] These devices also made no particular attempt 
to matchthe patient's specific femoral or tibial geometry 
thus reducing their chances for optimal success. Be- 
cause these devices were made of CoCr, which has dif- 
ferent visco-elastic and wear properties from the natural 30 
articular materials, any surface geometry which did not 
closely match the bearing surface of the tibia or femur, 
could cause premature wear of the remaining cartilage 
due to asymmetric loading. 

[0014] Newer materials technologies in development 35 
include filling the joint space by injecting polyurethane 
(U.S. Patent 5,795,353) into the joint and anchoring it 
with holes drilled into the tibial plateau. Others include 
a series of polymeric materials such as PVA Hydrogels 
in a titanium mesh as described by Chang et al, "Histor- 40 
ical Comparison of Tibial ArticularSurfaces Against Rig- 
id Materials And Artificial Articular Cartilage," Journal of 
Biomedical Material Research, 37, 51-59, 1997, biode- 
gradable anhydride prepolymers that can be cross 
linked with irradiation by UV light (U.S. Patent 45 
5,902,599) and in-vivo grown articular chondrocytes in 
a collagen fiber or other bio-compatible scaffold (U.S. 
Patent 5,158,574). Other low surface energy materials, 
such as low temperature isotropic (LTI) pyrolitic carbon , 
have been investigated as bearing surfaces as well. so 
[0015] All of these techniques are limited by one's 
ability to first of all fashion these materials in a conformal 
fashion to replicate the existing knee geometry, while at 
the same time, maintainingtteir location within the joint 
while further being able to survive the mechanical load- ss 
ing conditions of the knee. 

[0016] Therefore, what is needed is a uni-compart- 
mental interpositional spacer which, by effectively re- 



placing worn articular material, restores normal joint 
alignment without requiring any bone resection and pro- 
vides an anatomically correct bearing surface for the 
femoral condyle to articulate against. 
[001 7] According to one embodiment, an implantable 
knee prosthesis for uni-compartmental implantation into 
a knee joint includes a body having a substantially ellip- 
tical shape in plan and a pair of opposed faces. A pe- 
ripheral edge extends between the faces and has first 
and second opposed sides and first and second op- 
posed ends. At least one keel member extends from one 
of the faces. 

[0018] In this prosthesis it may be further provided 
that a first dimension D is defined by the first and second 
ends, that a second dimension F is defined by the first 
and second sides, and that the dimension F is from 
about .25 to about 1 .5 of the dimension D. 
[0019] The invention will now be explained in more 
detail in the following with reference to embodiments 
and to the drawings, in which: 

Fig. 1 is a plan view illustrating an embodiment of 
an implantable knee prosthesis. 

Fig. 2 is a cross-sectional view taken along line 
A-Aof Fig. 1. 

Fig. 3 is a cross-sectional view taken along line 
B-BofFig. 1. 

Figs. 4-8 illustrate several views of embodiments of 
the device including at least one keel mem- 
ber. 

Fig. 9 illustrates placement of the prosthesis in a 
knee joint. 

[0020] The present device is an implantable knee 
prosthesis in the form of a uni-compartmental interposi- 
tional spacer which, by effectively replacing worn artic- 
ular material, restores the normal joint alignment and 
provides a congruent bearing surface for the femoral 
condyle to articulate against. Further, it essentially elim- 
inates articulation against the tibial surface thereby pre- 
venting further degradation of the tibial surface. Degen- 
eration of the femoral anatomy is significantly reduced 
because the conforming femoral surface of the device 
accommodates the complex shape of the femoral con- 
dyle in extension as well as in flexion. Insertion of the 
device is done via a 3 cm to 5 cm medial parapatella 
incision after arthroscopic debridement of the femoral 
and tibial cartilage and removal of medial meniscus to- 
ward the rim along the anterior, medial and posterior 
portions.-No boneresectionorinechanical fixation^ the. 
device is required. Only osteophytes which interfere 
with the device placement or with proper collateral liga- 
ment alignment are removed. The device is offered in 
multiple thicknesses in order to occupy the joint space 
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and tighten the "loose suspenders" problem of the col- 
lateral ligaments. By occupying the joint space and re- 
tensioning the collateral ligaments, the unicompartmen- 
tal interpositional spacer improves joint stability and re- 
stores the limb to a more normal mechanical alignment. 
[0021] An implantable knee prosthesis 1 00 is illustrat- 
ed in Fig. 1 . An anterior/posterior (A/P) cross-sectional 
view is taken along section line A-A and illustrated in 
Fig. 2. A medial/lateral (M/L) cross-sectional view is tak- 
en along section line B-B and illustrated in Fig. 3. A Co- 
ordinate System Origin (CSO) 1 0 is at the intersection 
of lines A-A and B-B. Prosthesis 1 00, Figs. 1 -3, includes 
a body 102 having a peripheral edge 112, a f irst or tibial 
face 104 and a second or femoral face 106. 
[0022] The current mechanical structure is a compro- 
mise between the geometry of the femoral condyle and 
the kinematics of the knee. Specifically, the femoral con- 
dyle has two major AP radii such that when the knee is 
in full extension, one radius position is in contact with 
the tibial plateau while, during flexion, another portion 
of the femoral condyle is in contact with the tibial pla- 
teau. Further complications arise when it is recognized 
that the femur rotates with respect to the tibia during flex- 
ion, thereby changing the orientation of the femoral 
anatomy to the tibial plateau. Much study has been ded- 
icated to determine if any relationship exists in the nor- 
mal human anatomy that would allow one to define the 
required dimensions of the device for properf it and func- 
tion based on a single, easy to establish, measurable 
anatomic landmark. Based on a study of over 1 00 MRI's 
and 75 X-rays of human subjects ranging from 15 to 87 
years of age, a relationship was established between 
the anteroposterior radius of the most distal portion of 
the femoral condyle and the dimensions which control 
the geometric form of the device. The database re- 
vealed a range of femoral anteroposterior radii from 
32mm to 48mm. However, it is known thatthe worldwide 
range is much larger because of race differences in the 
human anatomy. 

[0023] A preferred method of construction aligns the 
apex of a femoral radius with the CSO 10. Fig. 1 . The 
apex of a tibial surface is also generally aligned in both 
the A/P and M/L directions with the CS0 10, but is sep- 
arated vertically from the CSO 1 0 to create the part 
thickness. The substantially oval shape of the peripheral 
edge 112 is then located with respect to the CSO 1 0. In 
general , the CSO 1 0 of the device is located at the cent- 
er of the ellipse and a minor axis of the ellipse F is related 
to a major axis D by a ratio ranging from F=.25D to 1 .5D 
with a preferred value of =.64D. Similar ratios can be 
established for all of the controlling dimensions of the 
part such that the shape in plan i.e., as observed from 
above or below, femoral surface geometry, and tibial 
surface geometry for a normal tibial anatomy cangen-. 
erally be defined by one physical A/P measurement of 
the patient's tibial anatomy. The appropriate thickness 
of the implant can be determined by measuring the 
amount of joint space between the femoral and tibial sur- 
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face when a minor amount of valgus (heels out, knees 
in) is applied to the knee. 

[0024] Referring again to Figs. 1 -3, the preferred re- 
lationship between femoral radius RA to other joint di- 
5 mensions (femoral radius is the driving radius to all other 
dimensions) is as follows: 

• Medial-lateral radius RB =.25A to 1 .OA 

• Curve of anterior half of Femoral Radius RC = .5A 
10 to 2.0A, Posterior half is straight 

• Length D=.6A to 1.4A 

• Posterior half E = .1A to .75A 

• Width F =.25A to 1 .5A 

• Width from part center to medial edge G = .096A 
15 to .48A 

• Anterior plan radius RH = 16A to .64A 

• Posterior plan radius RM = .16A to .64A 

• Radius along lateral spine area RP = .1 A to 2.0A 

• Width from part center to lateral edge Q = -.32A to 
20 +.32A 

• Location of transition from anterior radius to medial 
radius Y = -.32A to +.32A 

(a negative value means that a dimension may extend 
25 to an opposite side of section line A-A). 

[0025] Below are the preferred ratios used to define 
the shape of prosthesis 100 in terms of the dimension 
RA, i.e. the femoral radius of prosthesis 100. 

30 P=.238A 

E=.5A 

F=.64A 

H=.32A 

M=.384A 
35 G=.352A 

Q=.1056A 

Y=.1152A 

B=.68A 

D=RA 
40 RC=RA 

[0026] The actual shape of the present device may be 
tailored to the individual. Individuals with high varus or 
valgus deformation due to wear, degeneration, or dis- 

45 ease, may require a device which is of considerably 
greater thickness over the portions where wear is most 
advanced. For example, many patients who suffer from 
this early stage of degenerative arthritis will have large 
areas of eburnated bone along the medial edge of the 

so tibial plateau and femoral condyle but have significant 
cartilage remaining along the tibial spine. In these in- 
stances the tibial surface of the implant may be thicker 
along the medial edge to accommodate the defects on 

. - thetibial plateau andenhance the stability of the-device. - 

55 An implant made to these specifications would be more 
wedge-shaped when viewed in a frontal plane, with the 
medial side of the implant being the larger side of the 
wedge. This wedge could be oriented in any direction to 
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accommodate the specific location of significant carti- 
lage loss for a given patient. 

[0027] Alternatively, the cartilage loss can be concen- 
trated in the central load bearing portion of the femoral 
condyle. This condition results in a femoral condyle 5 
which is essentially flat when the knee is in terminal ex- 
tension. In order to bridge the flattened area of the fem- 
oral condyle, the femoral surface of a specific implant 
size can be enlarged while maintaining the geometric 
area ofthe tibial surface. This modification of the implant 10 
would prevent overhang of the tibial surface beyond the 
border of the tibial plateau while providing a larger sur- 
face area to distribute the contact loads at the femoral 
surface. In other instances, it may be preferable to de- 
crease the femoral surface area for a given implant size, is 
[0028] Degeneration in the medial compartment will 
cause the femoral condyle to shift towards the medial 
edge of the tibia such that the center of the femur is no 
longer directly above the center of the tibia. In some pa- 
tients it may be desirable to offset the femoral surface 20 
ofthe implant laterally with respect to the tibial geometry 
to put the femur back in a more normal alignment. Other 
degenerative conditions can exist which could be ac- 
commodated by offsetting and/or rotating the femoral 
geometry in a variety of directions with respect to the 25 
tibial surface. 

[0029] The present invention is intended to fill in the 
space that results from cartilage loss on both the femoral 
condyle and . tibial plateau. The thickness of the implant 
at the CSO should be approximately equal to the com- 30 
bined amount of cartilage loss from the two boney sur- 
faces. When an implant of proper thickness is inserted 
between the femur and the tibia, the limb is restored to 
its proper anatomic alignment and ligament structures 
around the knee are retensioned. 35 
[0030] In youthful patients, where trauma-induced 
damage rather than severe wear or degeneration has 
occurred, differences in device thickness will be more 
moderate. In general, the device is kidney-shaped when 
viewed in plan, and has a negative meniscus shape 40 
when viewed from the side, i.e.; the thickness along the 
periphery of the device being greater than the thickness 
along the center of the device. The kidney-shape in plan 
may be described generally as elliptical, the shape re- 
sembling a distorted ellipse. 45 
[0031 ] One skilled in the art can approximate the gen- 
erally elliptical shape with a combination of straight lines 
and radial blends. Therefore, the term "substantially el- 
liptical" is intended to include all construction methods 
which yield a planar shape which is longer in one direc- so 
tion than the transverse direction, and has rounded cor- 
ners. 

[0032] In some patients, it may be beneficial to attach 

the prosthesis to the : tibial plateau. For example, in one 

of the embodiments of Fig. 4. an implantable knee pros- 55 
thesis is generally designated 400 and includes a body 
402 having a substantially elliptical shape in plan, and 
a pair of opposed faces. A first ortibial face 404 includes 



a convex surface 406. A second or femoral face 408 in- 
cludes a concave surface 410. More specifically, first 
face 404 and second face 408 are substantially kidney 
shaped. 

[0033] A peripheral edge 412 of variable thickness ex- 
tends between the first face 404 and the second face 
408. The peripheral edge 412 includes a first or medial 
side M, a second or lateral side L, opposite the first side 
M, a first or anterior end A, and a second or posterior 
end P, opposite the first end A. 

[0034] A keel member 422 extends from first face 404. 
Keel member 422 is substantially wedge shaped and 
includes a first edge 424 attached to first face 404 and 
a second edge 426 which extends from first face 404. 
Second edge 426 is tapered and includes a raised por- 
tion 428 at an end 430 which is adjacent the peripheral 
edge 41 2. A pair of gripping apertures 432 may be pro- 
vided in peripheral edge 412 to receive an insertion tool 
(not shown). The keel member 422 can be oriented as 
desired. For example, keel member 422 is oriented to 
extend between the anterior end A and the posterior end 
P in Fig. 4, and, alternatively, a body 202 includes a keel 
member 222, Fig. 5, oriented to extend along a tibial 
face 204 between a medial side M and a lateral side L. 
A raised portion 228 is adjacent a peripheral side 212. 
[0035] In the embodiment of Fig. 6, a body 302 in- 
cludes a first keel member 322a which is separated from 
a second keel member 322b. The first keel member 
322a is angularly disposed relative to the second keel 
member 322b. First keel member 322a includes a raised 
portion 328a adjacent a peripheral edge 312 and sec- 
ond keel member 322b includes a raised portion 328b 
adjacent the peripheral edge 312. The first keel member 
322a is oriented to extend along a tibial face 304 to ex- 
tend between a posterior end P and a medial side M, 
whereas the second keel member 322b is oriented to 
extend along the face 304 between the posterior end P 
and a lateral side L. 

[0036] In the embodiment of Fig. 7, a body 602 in- 
cludes a first keel member 622a which is separated from 
a second keel member 622b. The first keel member 
622a is angularly disposed relative to the second keel 
member622b. First keel member 622a includes a raised 
portion 628a adjacent a peripheral edge 61 2 and a sec- 
ond keel member 622b includes a raised portion 628b 
adjacent the peripheral edge 612. The first keel member 
622a is oriented to extend along a tibial face 604 be- 
tween a medial side M and a central region R of body 
602. The second keel member 622b is oriented to ex- 
tend along the tibial face 604 between a posterior end 
P and the central region R of body 602. 
[0037] In the embodiment of Fig. 8, a body 502 in- 
cludes a first keel member 522a which intersects with a 
-second keel member 522b. -The first keel member-522a 
is angularly disposed relative to the second keel mem- 
ber 522b. First keel member 522a includes a raised por- 
tion 528a adjacent a peripheral edge 512. The first keel 
member 522a is oriented to extend along a tibial face 
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504 between a posterior end P and an anterior end A. 
The second keel member 522b includes a raised edge 
528b. The second keel member 522b is oriented to ex- 
tend along the tibial face 504 between a medial side M 
and a lateral side L. 

[0038] In the embodiments of Figs. 4-8, the convex 
surface of the first face preferably includes a contour 
angle (discussed above) which is substantially the same 
as an associated contour angle of a tibial plateau. How- 
ever, with a keel member, this surface may be flat or 
planar if desired rather than convex. The concave sur- 
face of the second face includes a contour angle (dis- 
cussed above) which is substantially the same as an as- 
sociated femoral condyle. As such, these keel members 
are useful in maintaining the prosthesis positioned on 
the tibial plateau. 

[0039] In Fig. 9, prosthesis 1 00 is positioned in a knee 
joint 700 between a femur 702, including the femoral 
condyles 704, and a tibia 706 including the tibial plateau 
708. The femur 702 and tibia 706 include interconnect- 
ing collateral ligaments 71 0. The device 1 00 illustrates 
the position of the posterior end P, the anterior end A, 
the medial side M and the lateral side L when the device 
100 is inserted in the knee joint 700. 
[0040] The prosthetic device of the subject invention 
is a unicompartmental device suitable for minimally in- 
vasive, surgical implantation without requiring bone re- 
section. The device is positioned within a compartment 
in which a portion of the natural meniscus is ordinarily 
located. The natural meniscus maybe maintained in po- 
sition or may be wholly or partially removed, depending 
upon its condition. Under ordinary circumstances, piec- 
es of the natural meniscus which have been torn away 
are removed, and damaged areas may be trimmed as 
necessary. In somewhat rarer instances, the entire por- 
tion of the meniscus residing in the meniscal cavity may 
be removed. Actually, as described hereinafter, the 
shape of the present devbe is not the same as the nat- 
ural meniscus, and in most cases, will not entirely re- 
place the meniscus. 

[0041] By the term "unicompartmental" is meant that 
each device is suitable for implantation into but one 
compartmentdefined by the space between a femoral 
condyle and its associated tibial plateau. In other words, 
the present device is not a "bicompartmental" device 
which, in one rigid device, could be inserted into both of 
the femoral condyle/tibial plateau compartments. In 
many, if not most cases, a device will be inserted into 
one compartment only, generally the medial compart- 
ment, as the meniscus and associated articular surfaces 
in these compartments (left knee medial and right knee 
medial compartments) are most subject to wear and 
damage. However, it is possible to insert two separate 
devices into themedial and lateralcompartments of -the- - 
same knee, or to use two such devices that are mechan- 
ically but non-rigidly linked. 

[0042] Contrary to most devices which are composed 
of soft, compliant material designed to assume the func- 



tion of the natural meniscus which they replace, the 
present device is composed of relatively hard, relatively 
high modulus material. Suitable materials are, for exam- 
ple, steel, ceramics, and reinforced and nonreinforced 
s thermoset or thermoplastic polymers. The device need 
not be made of a single material, but composite struc- 
tures of steel/thermoplastic, steel/ceramic, ceramic/pol- 
ymer, etc., may be used. Alternatively, composites of the 
above materials with biologically active surfaces orcom- 
io portents may be used. Biologically active components 
include surfaces that may contain pharmaceutical 
agents to stimulate cartilage growth or retard cartilage 
degeneration that may be delivered at once or in a 
timed-release manner. 
'5 [0043] Generally, portions of the device expected to 
have the most wear due to either greater movement rel- 
ative to the mating surface (i.e., relative to the femoral 
condyle or tibial plateau) or high stress, may be made 
of stronger, more abrasion resistant material than the 
20 remainder of the device when composite structures are 
used. This method may be ideal for use in conjunction 
with cultured chondrocyte implantation (cartilage ceils 
used as seeds) or osteochondral transplantation. More- 
over, when the locus of damage to the articular cartilage 
25 or to a portion of the bone structure are known, the rel- 
atively constant radius of the surface of the present de- 
vice will bridge the defective areas at these loci, thus 
redistributing load to healthy tissue and allowing in- 
flamed, diseased, or other damaged areas to regener- 
30 ate. 

[0044] For example, a portion of the femoral condyle, 
tibial plateau, articular cartilage, etc., may have been 
damaged or may experience tissue degeneration. The 
continued load experienced at such points and the wear 

35 experienced as the knee flexes will substantially hinder 
the regeneration of healthy tissue. If suitable biologically 
active materials, chondrocytes, etc. are applied to the 
damaged or degenerated surface to assist in tissue re- 
generation, these will, under ordinary circumstances, be 

to rapidly dissipated. If a flexible, cushiony material is in- 
serted within the knee compartment, the damaged area 
will still experience intimate contact with the damaged 
area under static toads, and will also experience contin- 
ued wear and abrasion under non-static conditions. Un- 

45 der such circumstances, active substances will be rap- 
idly dissipated. However, more importantly, newly re- 
generated articular cartilage not having the necessary 
density or cohesiveness to withstand wear, will be rap- 
idly eroded away. 

so [0045] The present device may be supplied with a 
contoured surface which distributes the loads evenly 
over regions of healthy articular cartilage while bridging 
areas where articular cartilage degeneration or damage 

has occurred^Active substances may be applied at once— 

55 or in a timed-release manner to the degenerated or 
damaged articular cartilage surface by means of, or in 
conjunction with, the present device. Because the re- 
cess or shape of the device protects the damaged area 
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from loads and wear, tissue regeneration may occur 
without disturbance. The regenerating tissue will have 
time to mature and crossline into a fully developed ma- 
trix. Moreover, as regeneration proceeds, the regener- 
ating tissue will assume a shape dictated by the shape s 
of the device. Growth under these circumstances has 
the greatest potential for dense, ordered cartilage most 
closely replicating the original surface. 
[0046] The hardness of the present device is prefer- 
ably higher than Shore 60 D. The Shore hardness may to 
range from that common for engineering grade plastics 
to hardened steel and titanium, and preferably on the 
portion of the Rockwell hardness scale typical of steels, 
hard plastics and ceramic materials. From the high hard- 
ness desired of the device, it is readily apparentthatthe 15 
device functions in a manner completely different from 
those of the prior art. The purpose of tile device of the 
subject invention is to achieve a span-like effect to 
bridge the defective areas. However, in a composite var- 
iation, any single component (like a bioactive material 20 
component) may be softer than the supporting material. 
Rather than deforming to distribute a load relatively 
equally on the mating surfaces, thedevice of the present 
invention functions as a rigid, substantially non-deform- 
ing, self-centering bearing, which does not necessarily 25 
spread the load uniformly, but rather may concentrate 
the Joad upon desired points, spanning areas of imper- 
fection. If a soft and/or low modulus elastomer or ther- 
moplastic is. used for the entire device, not only is the 
load not concentrated on healthy tissue, but damaged 30 
areas will also be subjected to loading, thereby decreas- 
ing the opportunity for the body's natural regenerative 
capability to function. 

[0047] ... The high modulus of the present device thus 
allows for the provision of recessed or non-contacting 35 
areas of the device to encourage articular cartilage re- 
generation. In softer, lower modulus materials, the nat- 
urally occurring loads, which may exceed 1000 lbs/in 2 , 
in certain cases, will cause the softer devices to deform 
and allow ordinarily non-contracting areas to contact 40 
bone or cartilage for which contact is not desired. Aflex- 
ural modulus of elasticity for load bearing portions of the 
present device should therefore be preferably greater 
than 2x1 0 5 psi, and more preferably greater than 3x1 0 6 
psi. Portions of the device not exposed to the highest 45 
loads may be made of lower modulus materials, which 
may be softer as well (e.g., in a non-limiting sense, ny- 
lon, polyurethane, polypropylene, polyester, and the 
like, optionally fiber reinforced). 

[0048] As indicated previously, the device of the sub- so 
ject invention may be manufactured so as to substan- 
tially contain or have deposited thereon, a biologically 
or pharmaceutically active material. This is particularly 
suitable when the -device bridges a defective area of 
bone or articular cartilage. In such cases, the device 55 
may be provided with a coating containing a biologically 
or pharmaceutically active material, for example one 
that promotes tissue regrowth or one that decreases in- 



flammation. Such materials may also, and more prefer- 
ably, be contained in a portion of the meniscal device. 
The portion may be filled with medication, or may be 
filled with a gel, paste, or soft polymer material that re- 
leases medication over a period of time. Preferably, this 
medically active portion does not actually contact, or 
minimally contacts, the damaged tissue. This freedom 
from contact is made possible by the surrounding bear- 
ing surfaces. Coatings may also be of a gel, paste, or 
polymer containing time-release medicaments. Biolog- 
ically and pharmaceutically active materials are identi- 
fied subsequently herein as "active materials." 
[0049] The edges of the device are rounded rather 
than presenting the sharp corners of the devices of U. 
S. Patent 5,158,574. This rounded periphery is neces- 
sary due to the fact that the device will be allowed to 
move within the cavity. Movement of a device having a 
periphery with sharp corners would result in the potential 
for severe damage to the surrounding tissue and artic- 
ular surfaces, in addition to causing pain. A "depression" 
in the elliptical shape on the part of the device which will 
be proximate to the tibial spine will vary from patient to 
patient. It is possible due to the great range of variability 
of human anatomy that this depression might be absent 
in devices for some patients. However, the overall shape 
in plan is substantially elliptical regardless. 
[0050] The axis of rotation of the tibia on the femur is 
90 degrees to the path of the tibial plateau against the 
femoral condyle. The two tibial plateaus (medial and lat- 
eral) are not in the same plane with each other but do 
act in a relatively constant radius to its respective fem- 
oral condyle. In other words, although the symmetry of 
the device's femoral side may be matched with the fem- 
oral condyle while the leg is in full extension , the rotation 
of the tibial plateau against the femoral condyle is along 
a constant axis of rotation (90 degrees to the axis of ro- 
tation), thus the angularity of the axis of symmetry of the 
femoral condyle relative to the axis of symmetry of the 
tibial plateau is not parallel but at some acute angle. 
[0051] Also, the axis of symmetry of the tibial plateau 
is not parallel to the path of rotation of the tibia relative 
to the femur but also at some mildly acute angle. Thus, 
the true orieritation of the device, regardless of the rel- 
ative orientations of symmetry of the tibial side to the 
femoral side is 90 degrees to the true axis of rotation as 
described in Hollister et al., "The Axes of Rotation of the 
Knee", Clin. Orthopaedics and Rel. Res., 290 pp. 
259-268, J.B. UppincottCo., 1993, herein incorporated 
by reference. Any localized positions of higher loads are 
self-limiting due to the ability of the device to translate 
both rotationally and laterally which mimics the true mo- 
tion of the natural meniscus as described by Hollister. 
[0052] During the load bearing portion of the gait cy- 
cle; or stance phase; flexion at the-knee does not typi- 
cally exceed 35°. Thus, the highest compressive loads 
in the knee occur with the knee substantially extended. 
The outer contours of the device are therefore designed 
to substantially mate with the corresponding tibial and 
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femoral surfaces when the knee is in full extension so 
that the high compressive loads can be distributed over 
large surface areas. The contact areas between the 
femoral condyle and the femoral surface of the device, 
and the tibial plateau and the tibial surface of the device 
are substantially equivalent during extension. However, 
because the contour of the femoral surface is more con- 
cave, the femoral condyle determines the position of the 
device on the surface of the tibial plateau in extension. 
[0053] As the knee is flexed, the mating along the tib- 
ial surface is substantially maintained. However, the 
contoured mating surfaces of the femoral condyle and 
femoral surfaces of the present device can become in- 
creasingly dissimilar when the joint articulates. As the 
knee is flexed, there is a relative external rotation and 
posterior translation of the femur with respect to the tib- 
ia. Thus, the contour angle of the femur becomes more 
in-line with the contour angle of the tibia in flexion. This 
can cause relative lateral or rotational movement, in the 
tibial plane, between the femoral condyle and the fem- 
oral surface of the device. The forces generated by the 
increasingly different geometry creates a rotational mo- 
ment, in the tibial plane, which is resisted along the mat- 
ing tibial surfaces and which also results in a restoring 
force tending to correctly locate the device along the 
femoral condyle. Thus, the device is self-centering to 
the femoral condyle, in part, as a result ofthe conformity 
between the femoral condyle and the femoral surface of 
the device. 

[0054] By changing the femoral surface ofthe implant, 
it is possible to reduce the rotational moment induced 
during flexion by the mismatch between the femoral sur- 
face of the implant and the femoral condyle. A preferred 
method to accommodate this motion is to have a less 
acute alignment between the femoral and tibial axes of 
symmetry posteriorto the A/P midline, thereby reducing 
the mismatch between the two axes in flexion. This an- 
gle is preferably 0° and can range from +/- 10°. Anterior 
to the midline, the femoral contour is bent around a ra- 
dius RC that is tangent to the posterior section of the 
sweep plane at the most distal point of the femoral A/P 
radius RA. This femoral surface geometry is essentially 
a compromise between thettifferent extenston and flex- 
ion alignments of the femoral and tibial axes of symme- 
try. 

[0055] Because the device has no physical method of 
attachment, the combination of the slightly concave tib- 
ial surface and the convex femoral surface serves to lo- 
cate the device though all ranges of motion provided that 
the collateral ligaments are in proper tension. If too thin, 
a device could be ejected from the knee compartment. 
By the very nature of the ability to adjust for the lost ar- 
ticular material through the thickness of the device, the 
thickness adjustment substantially eliminates the need 
for a functional meniscus as a bearing surface in a se- 
verely (Grade III or IV) degenerated knee. In these in- 
stances, the femoral surface ofthe device resides sig- 
nificantly above the meniscal edge, and the meniscus 



is completely unloaded. 

[0056] The device also increases the translational 
stability of the knee. The conforming shape of the fem- 
oral surface limits excessive anterior to posterior trans- 
s lation of the femur. As a result, this device possibly elim- 
inates the need for ACL reconstruction in the older pa- 
tient. 

[0057] Generally speaking, each knee presents a dif- 
ferent geometry of the respective femoral condyles and 

*o tibial plateaus. Even with respect to the right and left 
knees of a single individual, although bilateral symmetry 
dictates that the left and right knee components should 
be mirror images, this is often only an approximation. 
Thus, the shape ofthe affected femoral condyle and tib- 

15 ial plateau (while discussed herein in the singular, more 
than one pair of condyle(s)/plateau(s) may be involved), 
will have to be ascertained to determine the correct ge- 
ometry of the device for a given patient. 
[0058] To implant a device that possesses the char- 

20 acteristics required by the subject invention, the pa- 
tient's knee joint may be examined by a non-invasive 
imaging procedure capable of generating sufficient in- 
formation such that one appropriately sized and shaped 
device may be selected. While a variety of non-invasive 

25 imaging devices may be suitable, for example X-ray de- 
vices and the like, it is preferable that information as to 
the size and shape of the device be provided by mag- 
netic resonance imaging (MRI). 
[0059] Two methods of non-invasive imaging for se- 

30 lection of a suitable prosthesis are preferred. In the first 
method, MRI or other non-invasive imaging scans, op- 
tionally coupled with exterior measurements of the di- 
mensions of the relevant tibial and femoral portions in- 
cluding the surface of trie particular cartilage of the tibia 

35 and femur, may be used to establish a library of pros- 
theses whose size and geometry differ according to the 
age and size of the patient, the patient's genetic make- 
up, and the like. A limited number of "standard" devices 
are then made to meet the requirements of a generic 

40 population of patients. 

[0060] In this first method, a non-invasive imaging 
scan, such as X-ray or MRI, together with knowledge of 
the patienfs<|enetic make-up, general body type, extent 
ofthe disease, degeneration, or trauma and the like, will 

45 enable the surgeon to select a device of the correct size 
and shape from the library for the patient. The device is 
then introduced by arthroscopicaliy assisted implanta- 
tion, generally limited to extensive clean-up of existing 
damaged tissue, e.g., torn or particulate natural menis- 

50 cus damage. It may also be used in conjunction with tib- 
ial osteotomy or articular surfacing procedure such as 
cartilage transplantations or abrasion arthroplasty. Fol- 
lowing insertion of the device, X-ray, Fluoroscopy, or 
MRI may be used to assess the correct- positioning of 

55 the device both introperatively as well as postoperative- 
ly. Because the surgical procedures used are not se- 
vere , and also not irreversible, an unsuitable device may 
be readily removed and replaced, either with a different 
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device from a device library, or by a custom device. 
[0061] In asecond method, each patient receives one 
or more devices that are custom tailored for the individ- 
ual by producing a contour plot of the femoral and tibial 
mating surfaces and the size of the meniscal cavity, s 
Such a contour plot may be constructed from imaging 
data, i.e. MRI data, by a suitable computer program. 
From the contour plot, the correct surface geometry of 
the device is determined from the shape of the respec- 
tive tibial plateau and femoral condyle and the orienta- <o 
tion between the two surfaces in extension. In general, 
the shapes just mentioned also include the articular car- 
tilage, which, in general, is maintained substantially in- 
tact. 

[0062] In accordance with this invention it has been 15 
discovered that the amount of varus deformity is the pri- 
mary, non-invasive method for determining the neces- 
sary device thickness required for proper functioning of 
the device. Viewing a weight bearing anteroposterior X;. 
ray, a cut and paste of a line drawn through the femoral 20 
condyles and repositioned to put them once again par- 
allel to the tibial plateaus will yield a measurement for 
the approximate device thickness. 
[0063] A further understanding can be obtained by 
reference to the following specific example that is pro- 25 
vided herein for purposes of illustration only and is not 
intended to-be limiting unless otherwise specified. 

For Example: 

30 

[0064] A 44-year-old male had an 18-degree flexion 
contracture in his right knee. The right limb was in 5 de- 
grees of varus alignment and the patient suffered from 
significant, .debilitating pain. X-rays of the affected limb 
showed significant collapse of the medial joint space as 35 
well as significant osteophyte formation along the me- 
dial border of the femoral condyle. Pre-operatJve tern- 
plating of the X-ray indicated that the right medial con- 
dyle had a radius of approximately 46mm. A library of 
implants was manufactured for this patient based upon 40 
the preoperative radius measurement and, the dimen- 
sional relationships established from the X-ray and MRI 
database. The library included implants with a femoral 
radius measuring 42mm, 46mm and 50mm. Implants of 
2mm, 3mm and 4mm thickness were made in each size 45 
category. The patient was then scheduled for surgery. 
[0065] Arthroscopic evaluation of the joint on the day 
of surgery revealed generalized Grade III chondromali- 
cia of the medial femoral condyle and tibial plateau with 
small areas of Grade IV changes. Patellofemoral and so 
lateral joint compartment changes were mild. An arthro- 
scopic debridement of the joint was completed and the 
degenerated edge of the meniscus was resected. A 
smallruler was inserted through the anterior arthroscop- 
ic portal and the distance from the posterior rim to the ss 
anterior rim of the remaining meniscus was recorded as 
42mm. A short median parapatellar incision was com- 
pleted to expose the medial compartment of the knee. 



An osteotome and a rongure were used to remove the 
osteophytes along the medial border of the femoral con- 
dyle. Plastic gages representing the different implant 
thicknesses were then inserted between the femur and 
the tibia to measure the amount of joint space present 
in the medial compartment. These measurements indi- 
cated that a 4mm thick part would be required to occupy 
the joint space and restore tension to the medial com- 
partment. Several trial implants were inserted into the 
joint space and a fluoroscope was used to verify the fit 
and positioning of each trial. This final trial reduction 
confirmed that the appropriate part was a 42mm long by 
4mm thick implant. The implant was inserted into the 
joint. A final check of the implant's stability and fit was 
performed. Careful attention was paid to the evaluation 
of implant thickness because an inappropriately thick 
implant could prevent the patient from achieving full ex- 
tension. After all interoperative checks were complete 
the incision was closed. 

[0066] Postoperative X-rays revealed a 7-degree cor- 
rection of the limb alignment. The implant also stabilized 
the knee. At 10 months of follow-up the patient is pain 
free and can achieve full knee extension. The patient 
can also achieve approximately 120 degrees of flexion. 
[0067] One preferred surgical procedure, which may 
be used to implant this device can be described by the 
following steps: 

1 . Verify preoperative indications: 

a. Varus determination of < 5 degrees with erect 
AP X-ray; 

b. Medial compartment disease only. Some lat- 
eral spurs may be present; and 

c. Pre-operative sizing via M/L template meas- 
urement of A/P X-ray. 

2. Standard Arthroscopy surgical prep: 

a. Infiltrate knee with Lidocaine/Marcaine and 
Epinephine. 

3. Arthroscopy: 

a. Inspect lateral patello-femoral compartments 
for integrity, some mild arthrosis is acceptable; 

b. Removal of medial meniscus toward the rim 
along the anterior, medial and posterior por- 
tions; 

c. Initial arthroscopic osteophyte removal via 
1/8" osteotome and burr to allow for valgus po- 
sitioning of the knee; 

d. Complete the removal (to the rim) of the pos- 
- terior and-posterior-lateral meniscus; -and 

e. Confirm sizing of the device by measuring 
distance from resected posterior meniscus to 
remaining anterior meniscus. 



17 



EP 1 327 423 A1 



18 



4. Medial parapatellar arthrotomy (mid-patella to 
tibial joint line). 

5. Complete removal of visible osteophytes along 
the medial femoral condyle. 

6. Insert thickness gauge and size for implant thick- 
ness. 

7. Insert trial component: 

a. Flex knee to approximately 50+ degrees to 
fully expose the distal portion of the femoral 
condyle; 

b. Insert trial component; and 

c. While applying insertion pressure, apply val- 
gus stress to the tibia and "stretch-extend" the 
tibia over the trial component. 

8. Check for proper sizing with "true lateral" and A/ 
P fluoroscope images of the knee while in exten- 
sion: 

a. Ideally, the device should be within 1mm of 
the A/P boundries of the tibial plateau and su- 
perimposed over the medial boundary. 

9. Remove trial component and flush joint with sa- 
line. 

10. Insert the appropriate implant. 

1 1 . Confirm proper placement and sizing with fluor- 
oscopic images as with trial component. 

12. Maintain leg in extension and close wound after 
insertion of a Hemovac drain. 

13. Place leg in immobilizer prior to patient transfer. 



Claims 

1 . Knee prosthesis for unicompartmental implantation 
into a knee joint comprising: 

a body (1 02; 202; 302; 402; 502; 602) having a 
substantially elliptical shape in plan and a pair 
of opposed faces (1 04, 1 06; 204, 206; 304, 306; 
404, 406; 604, 606); 

a peripheral edge (112; 212; 312; 412; 512; 
612) extending between the faces (104, 106; 
204, 206; 304, 306; 404, 406; 504, 506; 604, 
-G06) and having a first side (L), a second side 
(M) opposite the first side (L) , a first end (A) and 
a second end (P) opposite the first end (A); 
at least one keel member (222; 322a, 322b; 
422; 522a, 522b; 622a, 622b) extending from 



one of the faces (1 04, 1 06; 204, 206; 304, 306; 
404, 406; 504, 506; 604, 606). 

2. Knee prosthesis in accordance with claim 1 , 
s characterized in that 

the body (302; 502; 602) includes two separate keel 
members (322a, 322b; 522a, 522b; 622a, 622b), a 
first one (322a; 522a; 622a) of the keel members 
being angularly disposed with a second one (322b; 
io 522b; 622b) of the keel members. 

3. Knee prosthesis in accordance with claim 1 orclaim 
2, 

characterized in that 

15 the at least one keel member (322a, 322b; 522a, 
522b; 622a, 622b) is wedge shaped. 

4. Knee prosthesis in accordance with any one of the 
preceding claims, 

20 characterized in that 

the at least one keel member (322a, 322b; 522a, 
522b; 622a, 622b) includes a raised portion extend- 
ing from its associated face (104, 106; 204, 206; 
304, 306; 404, 406; 504, 506; 604, 606). 

5. Knee prosthesis in accordance with claim 4, 
characterized in that 

the raised portion is adjacent the peripheral edge 
(112; 212; 312; 412; 512; 612). 

30 

6. Knee prosthesis in accordance with any one of the 
preceding claims, 

characterized in that 

at least one of the keel members (222; 322a, 322b; 
35 422; 522a, 522b; 622a, 622b) is wedge shaped and 
includes a raised portion adjacent the peripheral 
edge (112; 212; 312; 412; 512; 612). 

7. Knee prosthesis in accordance with any one of the 
40 preceding claims, 

characterized in that 

the first one (322a; 522a; 622a) of keel members 
intersects the secondene (322b; 522b; 622b) of the 
keel members. 

45 

8. Knee prosthesis in accordance with any one of the 
preceding claims, 

characterized in that 

the at least one keel member (222; 322a, 322b; 422; 

so 522a, 522b; 622a, 622b) has a raised portion adja- 
cent one of the ends (A, P) of the body (102; 202; 
302; 402; 502; 602) and a tapered portion adjacent 
the other of the ends (P, A) of the body (102; 202; 

302; 402-;-502; 602). - 

55 

9. Knee prosthesis in accordance wittfahy one of the 
preceding claims, 

characterized in that 
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the at least one keel member has a raised portion 
adjacent one of the sides (L, M) of the body (102; 
202; 302; 402; 502; 602) and a tapered portion ad- 
jacent the other of the sides (M, L) of the body (1 02; 
202; 302; 402; 502; 602). 

10. Knee prosthesis in accordance with any one of the 
preceding claims, 

characterized in that 

each keel member (222; 322a, 322b; 422; 522a, 
522b; 622a, 622b) has a raised portion and a ta- 
pered portion, the raised portion of the first one 
(322a; 522a; 622a) of the keel members being ad- 
jacent the raised portion of the second one (322b; 
522b; 622b) of the keel members. 

11. Knee prosthesis in accordance with any one of the 
preceding claims, 

characterized in that 

each keel member (222; 322a, 322b; 422; 522a, 
522b; 622a, 622b) has a raised portion and a ta- 
pered portion, the tapered portion of the first one 
(322a; 522a; 622a) of the keel members being ad- 
jacent the tapered portion of the second one (322b; 
522b; 622b) of the keel members. 

12. Knee prosthesis in accordance with claim 10 or 
claim 1 1 , 

characterized in that 

the raised portion of each keel member (222; 322a, 
322b; 422; 522a, 522b; 622a, 622b) is adjacent the 
peripheral edge (112; 212; 312; 412; 512; 612) and 
the tapered portion of each keel member terminates 
adjacent a respective one of the first and second 
sides (L, M) of the body (102; 202; 302; 402; 502; 
602). 

13. Knee prosthesis in accordance with any one of the 
claims 10 to 12, 

characterized in that 

the raised portion of each keel member (222; 322a, 
322b; 422; 522a, 522b; 622a, 622b) is adjacent the 
peripheral fedge (112; 212; 312; 412; 512; 612) and 
the tapered portion of each keel member (222; 
322a, 322b; 422; 522a, 522b; 622a, 622b) termi- 
nates adjacent a central region of the body (102; 
202; 302; 402; 502; 602). 



(302; 502; 602) to the other of the sides (M, L) of 
the body. 

15. Knee prosthesis in accordance with any one of the 
s preceding claims, 

characterized in that 

one of the opposed faces (1 04; 204; 304; 404; 504; 
604) is convex and the other of the opposed faces 
(106; 206; 306; 406; 506; 606) is concave, the at 
«> least one keel member (222; 322a, 322b; 422; 
522a, 522b; 622a, 622b) extending from the convex 
face. 

16. Knee prosthesis in accordance with any one of the 
is preceding claims, 

characterized in that 

one of the opposed faces (1 04; 204; 304; 404; 504; 
604) is concave and the other of the opposed faces 
(106; 206; 306; 406; 606) is planar, the at least one 
20 keel member (222; 322a, 322b; 422; 522a, 522b; 
622a, 622b) extending from the planar face. 

17. Knee prosthesis in accordance with any one of the 
preceding claims, 

25 characterized in that 

at least one gripping aperture (432) is provided in 
peripheral edge (412) to receive an insertion tool. 

18. Method of providing an implantable knee prosthesis 
so for unicompartmental implantation into a knee joint 

comprising: 

providing a body (1 02; 202; 302; 402; 502; 602) 

having a substantially elliptical shape in plan 
35 and a pair of opposed faces (104, 106; 204, 

206; 304, 306; 404, 406; 504, 506; 604, 606); 

extending a peripheral edge (112; 212; 312; 

412; 512; 612) between the faces (104, 106; 

204, 206; 304, 306; 404, 406; 504, 506; 604, 
40 606); 

extending at least one keel member (222; 322a, 

322b; 422; 522a, 522b; 622a, 622b) from one 

of the faces (1 04, 1 06; 204, 206; 304, 306; 404, 

406; 504, 506; 604, 606). 

45 

19. Method in accordance with claim 18, 
characterized by the step of: 



14. Knee prosthesis in accordance with any one of the 
preceding claims, 
characterized in that 

the first one (322a; 522a; 622a) of the keel mem- 
bers includes a raised portion adjacent one of the 
ends (A, P) of the body (302; 502;-602) and a ta- 
pered portion extending towards the other of the 
ends (P, A) of the body, the second one (322b; 522b; 
622b) of the keel members being non-tapered and 
extending from one of the sides (L, M) of the body 



providing the body (302; 502; 602) with two 
so separate keel members (322a, 322b; 522a, 

522b; 622a, 622b). 

20. Method in accordance with claim 18 or claim 19, 
-characterized by the step of: 

55 

angularly orienting a first one (322a; 522a; 
622a) of the keel members with a second one 
of the keel members (322b; 522b; 622b). 
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21 . Method in accordance with any one of the claims 
18 to 20, 

characterized by the step of: 

forming the at least one keel member (322a, s 
322b; 522a, 522b; 622a, 622b) in a wedge 
shape. 
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